INTRODUCTION
============

Mandibular sagittal split ramus osteotomy (MSSRO) can be used as a corrective procedure for malocclusion, facial asymmetry, and mandibular deformities, including mandibular prognathism and retrognathism \[[@B1]\]. However, various complications may occur following MSSRO, including inferior alveolar nerve damage, bleeding, condylar displacement, condylar dysfunction, unwanted secondary fractures, skeletal regression, and facial nerve palsy (FNP). FNP has been reported in 0.17% to 0.75% of cases; direct causes include intraoperative injury to the facial nerve, postoperative edema, and positional change in the styloid process; indirect injury can occur from retraction or excessive posterior tissue traction on the mandibular ramus \[[@B2][@B3][@B4][@B5]\]. The severity of FNP after facial nerve damage and the speed of recovery may vary according to the mechanism of injury, but most FNP cases due to indirect causes are considered \[[@B3]\].

To increase the speed of recovery from FNP, available methods include physical therapy, using transdermal nerve stimulation and electro-acupuncture, and drug therapy, using steroids and anti-inflammatory agents. However, as reported by Cai et al. \[[@B6]\] concomitant treatment with drug and physical therapies required an average of 28.8 weeks for complete recovery of FNP, while treatment using drug therapy alone required an average of 39.2 weeks; therefore, conventional drug therapy was unable to significantly increase the speed of facial nerve recovery \[[@B7]\].

Accordingly, the authors of the present study examined recovery in post-MSSRO patients with FNP who were prescribed nimodipine (Nimotop 30 mg Tablets, Bayer AG, Germany), a calcium antagonist vasodilator, and compared the results to literature reports on recovery in patients who did not use nimodipine; the patients treated with nimodipine showed slightly faster recovery \[[@B4][@B8][@B9][@B10][@B11][@B12][@B13]\].

CASE REPORT
===========

A 25-year-old female was admitted with mandibular prognathism, class III malocclusion, and macrogenia ([Fig. 1](#F1){ref-type="fig"}). The patient underwent MSSRO under general anesthesia. A side cutter was used for the surgery, which involved direct retraction of the mandibular foramen by performing horizontal osteotomy on the inside of the ramus, followed by sagittal splitting using a reciprocating saw and osteotome. The distal bone fragment was retracted by 9 mm, and fixation was performed to match the new occlusal surface. There were no specific findings during surgery and postoperative bleeding and swelling were not excessive. Immediately after surgery, there was no noticeable difference in the movement of the facial muscles, but by postoperative day (POD) 2, the patient had difficulty closing her right eye completely, weakness on wrinkling the forehead, and deviation to the left side when protruding her tongue. To record the progression of symptoms, photos were taken with the consent of the patient, and the clinical features including facial expression were recorded according to grade V in the House-Brackmann facial nerve grading system (HBFNGS) ([Figs. 2](#F2){ref-type="fig"}, [3A, C](#F3){ref-type="fig"}). To determine the cause, X-ray imaging was performed; the results showed no direct pressure from retraction of the mandibular ramus or any other specific findings that would require additional surgery, such as mandibular condylar fracture. Thus, temporary FNP due to indirect pressure on the facial nerve from mild hematoma and edema was diagnosed ([Fig. 4](#F4){ref-type="fig"}). Nerve conduction and blink reflex tests were performed and the patient was diagnosed with right FNP injury without the loss of nerve continuity ([Fig. 5](#F5){ref-type="fig"}). To treat the FNP, drug therapy using steroids (prednisolone), anti-inflammatory agents, and nimodipine was administered, and concomitant physical therapy using transdermal nerve stimulation and electro-acupuncture therapies was performed. Prednisolone 15 mg three times a day (tid) was administered for 4 weeks, followed by 10 mg tid for 4 weeks, then 5 mg tid for an additional 2 weeks. Nimodipine 30 mg tid was administered for 4 weeks. Steroids, physical therapy, and nimodipine were administered; starting 2 weeks after treatment began, the patient recovered to HBFNGS grade III, and was able to close her right eye. Subsequently, she recovered to HBFNGS grade II by 8 weeks, and HBFNGS grade I by 10 weeks, with eventual complete recovery ([Figs. 3B, D](#F3){ref-type="fig"}, [4](#F4){ref-type="fig"}, [6](#F6){ref-type="fig"}).

To compare the recovery speed with that reported in reference articles on post-MSSRO FNP occurred in 11 patients who received steroid administration and physical therapy, but not nimodipine, the present study analyzed the onset of FNP, HBFNGS at the time of initial diagnosis, HBFNGS after recovery, treatment method, and the time to recovery. In the reference articles, the time of onset varying from POD 1 to POD 6; in 9 of the 11 (81.8%), FNP appeared by POD 3. At the time of diagnosis, the severity was HBFNGS grade IV-V in all cases. The use of drug therapy except nimodipine, combined with physical therapy, showed no major difference, with an average recovery time of 16.32 weeks. The recovery time of 10 weeks in the present study was slightly faster ([Table 1](#T1){ref-type="table"}) \[[@B4][@B10][@B11][@B12][@B13][@B14]\]. Moreover, there were no complications from nimodipine administration.

DISCUSSION
==========

MSSRO is in wide use for mandibular prognathism, but FNP caused by this procedure is known to be rare. de Vries et al. \[[@B2]\] reported 9 cases (0.52%) of FNP among 1,747 patients who underwent MSSRO, while Behrman \[[@B15]\] reported FNP in only 4 patients (0.67%) among 600.

Although the exact mechanism has not been identified, Dendy \[[@B3]\] suggested 3 possibilities for post-MSSRO FNP: pressure from use of a retractor on the posterior mandibular ramus, posterior deviation of the bone fragment of the styloid process, and direct pressure from retraction of the distal segment. Jones and Van Sickels \[[@B5]\] also reported a similar mechanism, in which formation of postoperative hematoma was said to support the causes reported by Dendy \[[@B3]\]. In the present case, the mandibular retractor was used to the same degree on both sides during the procedure and radiologic findings showed no direct pressure from retraction of the distal segment or additional fracture in the mandible. Moreover, since the nerve conduction and blink reflex tests showed no indication of a severe nerve, it is believed that FNP symptoms were temporary, and due to postoperative hematoma exerting indirect pressure. Because it was believed that the symptoms were caused by local ischemia due to interruption of circulation to the facial nerve by hematoma, the present case used a vasodilator, nimodipine, to enhance the recovery speed.

To describe the severity of nerve injury is the HBFNGS, which classifies FNP according to clinical features of facial expression with muscles at rest and active. In Grade I, normal function is possible. Grade II represents mild dysfunction, with slight weakness noticeable upon close inspection. Grade III represents moderate dysfunction, with noticeable weakness but no aesthetic asymmetry or dysfunction during movement. Grade IV represents moderately severe dysfunction and obvious weakness, with disfiguring asymmetry during function and normal symmetry at reset. Grade V represents severe dysfunction, with asymmetry even at rest and only barely perceptible motion. Grade VI represents total paralysis, with absence of movement \[[@B16]\]. This classification system can be used to evaluate the level of recovery. The FNP symptoms that appeared on POD 2 in the present case corresponded to grade V.

There are many treatment modalities available for FNP. Physical therapy and use of steroids and anti-inflammatory agents have been tried, with many clinical trials reported. However, methods to shorten the recovery time have not been reported \[[@B7]\].

Nimodipine is a 1,4-dihydropyridine derivative and a potent antagonist of voltage gated L-type Ca2p-ion channels. It has high lipid affinity and selective cerebral vasodilation function. This inhibits calcium ions from entering voltage-sensitive sites in neurons and smooth muscle cells to provide protection from neural swelling caused by calcium overload \[[@B8]\]. Strauss et al. \[[@B17]\] reported that when nimodipine was used during acoustic neuroma surgery, most patients showed no diminished function in their acoustic and facial nerves. Angelov et al. \[[@B18]\] reported positive effects of nimodipine in posttraumatic facial nerve recovery in an animal experiment. In the group that received nimodipine, severed facial nerves were reconnected in 14--28 days with restored function. Scheller et al. \[[@B9][@B19]\] reported that use of nimodipine after acoustic neuroma surgery had had a neural protective function for prevention of FNP. When nimodipine was discontinued after 10 days, symptoms of FNP reappeared in all 7 patients within 2--5 days; when nimodipine was resumed, facial nerve function again recovered. Based on these results, our hospital administered nimodipine in a patient who exhibited symptoms of FNP following MSSRO, and recovery from HBFNGS grade V to grade I was achieved within 10 weeks. Although the present case involved only 1 patient, compared to an average recovery time of 16.32 weeks (3--6 months) reported for other FNP patients, the speed of functional recovery by the facial nerve in the present case was slightly faster \[[@B5][@B11][@B12][@B13][@B20]\].

Nimodipine can be tried when an injured facial nerve still has anatomical continuity. Unlike conventional methods that use steroids alone, we administered a combination of prednisolone and nimodipine with concomitant physical therapy. The patient with FNP received a gradually decreasing dosage of prednisolone for 10 weeks and 30 mg of nimodipine three times a day for the first 4 weeks. If the efficacy of nimodipine can be proven through study of a larger number of cases without serious complications, then nimodipine can be used to accelerate the recovery process in postoperative FNP.
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![Preoperative frontal view.](acfs-18-65-g001){#F1}

![Frontal view of postoperative 10 days at rest. Both eyebrow height and shape of nasolabial folds are asymmetry.](acfs-18-65-g002){#F2}

![(A, C) At postoperative 10 days, the photographs are showing right facial muscles completely paralyzed. (B, D) At postoperative 10 weeks, the photographs are normal facial expression regained.](acfs-18-65-g003){#F3}

![The postoperative X-ray shows well adapted both segmental bones without any other unfavorable fracture of mandible.](acfs-18-65-g004){#F4}

![Blink reflex and motor nerve conduction study. Facial nerve stimulation showed a small amplitude response on the right side as compared to the left. Nerve conduction study showed no denervation (probably too early after onset). There is electrophysiological evidance of dysfunction in the bilateral blink test and motor nerve conduction study. Findings are consistent with a right facial palsy with axonal changes with nerve continuity.](acfs-18-65-g005){#F5}

![Graph of facial nerve recovery. There was a significant recovery of the facial nerve function after 2 weeks of nimodipine treatment. At 8 weeks, recovery of facial nerve function was found to HBFNGS 2. At 10 weeks, HBFNGS 1 (normal grade) of the facial nerve functions was seen. HBFNGS, House-Brackmann facial nerve grading system.](acfs-18-65-g006){#F6}
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HBFNGS, House-Brackmann facial nerve grading system.
